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LIT STkGGER 3N THE INTEXNAL-FLOW CIW-CTERISTICS 

By Gene J. Bingham and Charles D. Trescot, Jr. 

An investigation  has been m d e   i n  the Lmgley  transonic blowdown 
tzc!nel t o  study  the  effects of va r i a t ions   i n   i n l e t   l i p   s t agge r  from 0' 
to  60' on the internal-flow  chwacterist ics of an. unswept semie l l ip t ica l  
scoop-type a i r - in l e t  model without  boundary-layer  coctrol. Tests vere 
made at Mach nu-abers  of 1.0, 1.2, and 1.4 t kough  a mass-flow-ratio 
r a g e  from about 0.3 t o  0.9 a t  an angle of a t tack of 00. 

The tes t  resul ts   indicate   that ,   for  all zngles of i n l e t  U p  stagger, 
p m t  of the boundary layer wes bypassed mom-6 t h e   i n l e t  l ips .  A s  the 
l ip   s tagger  w s  increased,  the boundary lzyer was  more completely 
'oypzssed from the  region ol" the   reamerd  l ip   than from the  forwzrd lip. 
This  bypessing vas nost complete for the 36' stagger   inlet  and, there- 
fore,   the rnaxinum recovery  (average  total-pressure  recovery of 0.95 at  
r2 mass-flow r a t i o  of zpproximately 0.6) was obtained  vith  this  configura- 
tion. For the TO0 stagger   inlet ,  %he bypassing  effected  increases i n  
pressure  recovery  with  decreases i n   i n k t  flaw rz;te zt kkch numbers of 
1.2 md 1.4. m-en t h e   U p  stagger was increased  to  45O md then t o  600, 
the to ta l   p ressure   losses   in  the region of the forvrard l i p  were progres- 
sively  increased. 

At the V ~ c h  cumber where lis stagger h d  the la rges t   e f fec t  on to t e l -  
pressisre  recovery,  increases i n   l i p   s t a g g e r  from Oo t o  300 e i ther  had a 
slight fzvorable  effect  (zt Mach nunber  of 1.2) or had no e f f e c t   ( a t  Mach 
nlmber of I.&) on the flow distor t ions a t  the i n l e t  measuring s ta t ion.  
When the   l ip   s tagger  was  increased from 30° t o  L.5' a d  then t o  60°, however, 
adverse  effects of stagger vere indicated a t  a l l  test conditions. 
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Tne  res3-.L?x of irwestigations of scooptype Eir intzkes  with- 
out, boluldery-layer control  devices have indicated  that  i= general  the 
inlet  total-pressure  recovery  tecds  to  decrease as the   in le t  mass-flow 
rat5.o i s  redxed.  (For example, see refs. 1 and 2.) This trend i s  
at t r ibLted  to  the e f fec t  of the  adverse  pressure rise 011 tine growt'n or 
sePcration of the bour?dary layer akead of %e i n l e t  which becoxes more 
severe as the   in le t  flow ra t e  is reclxed. A t  stqersonic  speeds, addi- 
t i o n e l b o ~ d ~ ~ . y - i a ; r e r  losses are  effected by tl.,e interaction oI" the 
i n l e t  shock w i t h  the  bomdary  layer. 

Tne r e su l t s  of e mare recent  investigztion  (ref.  3) of the  internal-  
flow  chzracteristics 05 sn unswept SCOOT i n l e t  which hed a l ip   s tegger  of 
30° have ind2cateE musuaL trer?d of increasing  total-pressure  recovery 
with decrezsing  inlet  x~ss-f'low ratio. Inasxuch as the  configuration  did 
not have a fixed  bowckry-layer  control  device, this trend w a s  a t t r ibuted 
t o  a "naturLL" b s a s s i n g  of sm-e of the faselege-boundsy-layer air mound 
m d  outside of the Comstrean 1'2 2s a resliL-L of the sapers'tream s t a t i c  
pressure  fielci  imediately &ea.& of t'ne in le t .  The s t a t i c  press-xre  near 
tke i n h t  would Lncrease  vit'n e Cecrease ir_ mass--+law ratio f o r   m y   i n l e t  
conf ig~ra t ion ,   bu t   in  this case  the l i p  stagger  appwently  permitted  the 
thickenec or sesarated bocndezy le-yer t o  be  diverted around the i n l e t   t o  
the  lower FressuTe f ie ld  of the fuselzge . 

A sxrvey of existing date on scoop-type inlets  without boundary-layer 
contrcl  devices  indicates tbt tnese  inlets  either bsve l i t t l e  or no l i p  
stagger. (For example, see ref. 1.) For tAe cases where l i p  stegger WES 
employed, tifie i r le ts   xere   sxe2t .  (For example, see ref. 2. ) None of 
these  coEfigcations  without botuidary-lqyer control had the unusual trend 
or" increasing 2ressure recovery  with  decreasing ness-flow r a t i o  obtained 
in  reference 3. LTpon coasideration of %hese r e su l t s  along  with  those of 
reference 3, it seened  zFparent t h a t   i n l e t  l i p  stagger end  sweep were 
Tanportant "actors  azffecting  the  interxal-flow  chexactertstics of a scoos- 
type  inlet. 

Tiie gresent  investigetion was mdertaken  in t ie  kngley   t rmsonic  
blcwdo:m t.aiel t o  study some of tine e f fec ts  02 stagger a d  sweep on the 
internal-flow  characteristics of a  scoop-type in l e t .  The resu l t s  of the 
l ipstagger   port ion of the investigation are  reported iT? this geper. 

For the  present tests, the   i n l e t  l i p  stagger was varied frox 0' t o  
60' i n  incrernents of 15'. mese tests were condacted el; Mach numbers of 
5.0, 1.2, a d  1.4 through a range of mass-flov r a t i o  from a3ou-t 0.3 t o  
0.9 at m angle of attack of oO. 
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x0 ratio of maximum inlet   to ta l -press-ce  difference t o  
- integrated  inlet  total-pressure  recovery 

mi /m0 mss-flow rztio, defined ES r z t i o  of t o t e l   i n l e t  mss flaw 
t o  mass flow through  free-streart?  tube  with &rea equal to 
that of minimu? projected frontal are2 of irlet 
(0.5% sq in . )  

n! mass rate of in t e rna l  f l o w  

M bhch number 

v velocity 

P m~ss de-sity,  slugs/cu ft 
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Sjbscripts : 

i i x l e t  

0 f r ee  streen 

max m x i m m  

min minima 

A photogzph OS: :he rcodel i s  presented  in f igwe 1 znd e. side-view 
Cirming of the model i s  shown i n   f i g n e  2. The configuration, which was 
constructed of plastic,  consisted of ~7 urswept semiel l ipt ical  scoop- 
ty-ge i n l e t  (takle I) moan-led 01 a body of revolution. The forvard 
p m t  of the body wzs 4.67 inches  long w i t h  a 1-inch  radius a t  the 
rr;zximuT diameter and was generated by rotat ing NACA 1-series nose-iclet 
coordinztes abc:r-k t3e  center  line.  Dorstream of s ta t ion  4.67 the body 
wes cylindrical   (f ig.  2).  The i n l e t  was symnetriczl  ebout  the  ceater 
l ine   ( ta3 le  I) and tke   ra t io  of the m a i m u r n  height  to raximiua width was 
1.5. The in le t   l ips   vere   zpproximte ly   sen ie l l ig t ica l   in  she.pe with a 
length-thickness  ratio of 2.0. l3"e r a t i o  of the minimum i n l e t  area pro- 
jected on a plane  perpendicular  to  the body axis (0.556 sq ir.) t o  the 
maxinm fronta l   a rea  05 tae forebody m.-ras 0.177. 

Dzing  the  course or" the investigation,  the  lip  stagger was varied 
from 0' t o  SO0 i n   i r c r e m n t s  of l 5 O  w i t h  0' cf sweep. The l i p s  were 
staggered by rexoving a portion of the  reaward  l ip ,  but the  center 
l ine  of the  plm-e of tke inLet   l ips  was raintained  within  the lfmits 
ir.diceted in   f igxre  3 .  It was assmed that this sxall vzr i a t ion   i n  
i n k % l i p  Loca5ion vwild hzve no ef fec t  on the  inlet-flow  characteristics. 

93s Fnternal-duct-area  distribution  (exchsive of instrumentation) 
i s  shown in   f igure  4. E e  duct  mea WBS held  constant from t h e   i n l e t   t o  
t he   i n l e t  mesurirg s ta t ion  behind  vhich the walls  diverged at a rate 
eqJivalent  to that of a 6O conlcal  diffuser and faired  into a rectangular 
h c t  a t  s ta t ion  13.25. Behind th i s   s t e t ion  wes located a rectmgular- 
shzped venturi et which the   i n l e t  mass-flp r a t i o  wes rneasured. 'EAe 

mass-flo-.T rat50 was controlled 5y vmyir,g  the  =ea zt the  exit  Of the 
duct. 
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Pressure Measurements 

5 

Tie pressure  instrumentation a t  the i n l e t  and venturi meesuring 
s ta t ions i s  shovn in   f i gu re  2. Twenty total-pressure  tubes were located 
at  the i n l e t  along with one static-pressme  tube and one o r i f i ce  
located st the  fuselage s-=face ( s ta t ion  7.80). Twenty-five to t a l -  
pressure  tubes were located a t  the ventur i   s ta t ion w i t h  two s t a t i c -  
pressure  tubes and oEe w a l l  orifice.   Static-Dresswe  orifices w e r e  
distributed  along the fuselage  vertical  center  lir-e from s t a t ion  1.00 
on the nose t o   t h e   i n l e t  measwing  station. 

Flow Study 

Schlieren  photographs and m oil-flov  technique were =sed t o  aid 
i n  Y'he study of the natu-re of the K!.CN ahe.=d of t he   i n l e t  ineasuring 
station. The oil-flaw  study  consisted of placing  oi l   droplets  at 
vaxious  points on the  surface of the mdel  i n  a d  around t h e   i n l e t  md 
theE photographing Yae peths of the  droplets after each rm-. The 
pat tern made by the o i l  droplets  indlcated  the flow direction  within 
the boundmy layer. 

Tests 

Tne t e s t s  were conducted i n  the Langley trznsonic blmdown tumnelel 
through a mass-flow-ratio  range from 0.3 t o  0.9 a t  Wch numbers of 
aboat 1.0, 1.2, and 1.4 for  angle of a t tack  05 Oo. The  maximum 
mss-flov r a t i o  WES limited t o  0.91 due t o  internal   b locbge.  In order 
t o  assure tinat the boundsy  layer ahead of t h e   i n l e t  w a s  turbulent, an 
encircling roughness band extending  fron IZlselage s t a t ion  0.50 inch to 
0.75 inch xes added t o   t h e  m o d e l  Eose. This t r m s i t l o n  strin was made 
up  of 0.003- t o  0.005-inch-diameter caxborundum grains blown OE 2. t h i n  
lwer of w e t  shellac. The tunnel  stagnetion  pressure was held  constant 
zt e i ther  50 or 60 pounds per sguare  inch  &solute :.;it:-. a resul t ing 
Reynolds x.m%er varying from about 2.8 X 10 6 t o  3.3  x lo 6 based 0~1 the 
bcdy d ime te r  of 2 inches. The esthated test accuracy is as follows: 

c 
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K - pc 

Ho - Po . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.005 

Z/% . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.01 

"i - . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50.02 
E l l  

Flow- Over Fusebge Nose 

Tce static-pressu-re  distributions  indicate tiiAt for a l l  t e s t  
conditions  local 2kch cuzbers greater than  free-stream val.;es existed 
over the  fuselage nose (fig.  5 ) .  ~n f ac t ,  at a free-stream *ch 
number of 1.4, l o c a l   h c h  nu5oers of 1.48 are  icdicated. Tne super- 
sonic  velocit ies abed of t h e   i n l e t   t e r n h a t e  xit'n a shock wave. For 
free-s%rearn Mach nurakers of about 1.18 end zaove, schlieren  photogrqhs 
slor;. tka t  t'nis  shock ~ " e s  a lLTbda-ty2e wave fo r  d l  test configurations. 
(For exmrple, see  f ig.  5.) Izasxucli as t3e t rmsi t ion   s t r ip   loce ted  
well forw-&rd of <fie i n l e t  assured  that the fuselage  bomdary  kyer ~ a a  
turbulent, tne lankda-tme shock  Rust be associated w i t h  tu-rbulent 
segaration. (See ref .  4.) me in i t i a l   p re s su re   r i s e  ahead or" the   in le t ,  
Ycerefore, corresDonds t o  %iie f ront   l eg  of the lambda. As the li9 
stagger  angle was increased, t:?e d i s tmce  between the   f ront   l eg  of the 
lmbda (point of separation) a d  the ?orvTard i n l e t   l i p  tends to decreme 
whereas the   d i s t a rce   t o   t he  r e a r  i n l e t  l i p  generally  increases. 

Totsl-Fresswe Zecovery et  I n l e t  

m e  average t o t d - ~ r e s s x e  recovery a t  the   in le t  memuring s t a t ion  
is presented i n  figure 7 for  the  razge af test veria5les. A t  e k c 5  
number of 1.0, total-pressure  recoveries  equal  to or greater than O.97EIo 
were xeaswed  through $he range of t e s t  Imass-flow ra t io s  fo r  all config- 
xrations u?d tbe  variatiom i n  pressure  recovery wick flow ra t e  were 
smll. illhen -Lke Mach  nurr-ker was izcreased t o  1.2, reductions  in  pressure 
recovery were effected i n  most instmces beccuse of lnteraction of the 
shock wave located Ehesd or' tke   is le t .  a d  the bow-dery layer.  Variations 
in  cressare  recovery w i t h  mass-flow r a t i o  were also  effected;  for  the 
600 configuration  there was E decrease i n  pressure  recovery with decreases 
i n  rsss-flox ra t io   vh i l e  for the l 5 O  a d  3G0 stagger   inlets  e reverse 
trend was measured. Tne m a x i m m l  variation for these  configurations, 
however, was about 0.02% for  the  range of tes t   mss-f low  re t io .  A t  R 
Neck  number of l . h ,  the rnaximm of the tes ts ,   the  average  total-Pressure 
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recovery  decreased  as  the mase flow was reduced fo r  a l l  cor3igarations 
except for t;?e 30° stagger   inlet ;   for  the 30° cor?l"igdr=tion, however, 
the  reverse  treEd w a s  again  effected. The trend of decreasing  recovery 
with a decrease i n  mass-flov r a t i o  agrees wltn t h a t  usmlly  o5teined 
with scoop-type Fnlets  without  boundery-layer  control  devices. (For 
exaple,  see refs, I md  2.) This decrease i n  recovery i s  associ-ated 
with  increeses i n  bandzry-layer  losses  result ing from a more severe 
adverse  pressure  gradient  ahed of  %he i n l e t  as the mass flo-w i s  
reduced. It was indiczted  in  reference 3 that   the  mzsual  trend of 
increesing  recovery  with  decreasing -wss-flm- ratio, and indicated 
herein for the 15' and 30' configurations at -& = 1.2 uld  for  the 
3a0 cor?figmation at &IO = 1.4, may be  attr ibuted t o  a "natural" 
b s a s s i n g  of a large  par t  of the boundary-lwer air uound  the reas- 
ward i n l e t   l i p .  It xes conchded in   th i s   re fe rence  tha t  the amount 
of bomdzry-layer air bypassed  probably  increesed  with  reductions i n  
mass-flow r a t i o  as E r e su l t  of the  Fncrease i n   i n l e t   s t a t i c  gressu-re 
s:iYi redccti0r.s ir- flow  rEte.  This  increase i n   i n l e t   s t a t i c   p r e s s w e  
wogld r e s u l t   i n  a greater pressure  differer-t iel  between the   in le t  flow 
an& external  flow end vould p e r d t  a greater amount sf segarated 
bondary Sayer t o  flow to   t he  lower press-ne  f ie ld  on the  f'uselage. 

In  order t o  s>ow more cleer ly   the  f lov shenoxenon involved f o r  the 
various  inlet  configurations of the  present tests, contours of cons tmi  
impact-pressure r a t i o  a-L t he   i n l e t   maswing   s t a t ion  are presented i E  

figwe 8 for the test rmge, and photographs of the 021 flow pat terns  
are shorm- In fi-gure 9 f o r  a Wech number of 1.4. These flow patterns 
m e   t y p i c a l  of' those o'otained at a l l  test  Mzch n-mbers. 

With the 0' stagger  configuretion  installed, it is  indicated 
(f ig .  8(a) ) that ,   in  general ,   the -mxinux values of i-vact-pressure 
rz i io  and the  areas OF high  recovery  decrease as %he mass-flaw rate 
is  reduced from the  highest   to  the lovest value  for a n  Mach numbers. 
%'his decrease might  have  been emected  since, as previously  gointed 
out,  the nressure grai ient  &ead of the i n l e t  becones more severe at 
the 107 mzss-flaw ra t ios   md  e f fec ts   increeses   in  boundwy-layer  thick- 
ness.  There is  a tendency, however, for the   pressure  losses   in   the 
regions  Edjacent to   the  body surface to decrease as %he mass-flow 
r a t i o  is  redilced. T!e o i l  flax patterns f o r  the 0' stagger  inlet  
( for  exanple, see f ig .  g ( a ) )  indicated k k t ,  f o r  ell test   condltions,  
tke boundary-layer air s e p c e t e s  ahead of t he   fn l e t  and is  diverted, 
LO sone extent, around both iztlet lips. Althou& not shown i n   t h e  
photogrash, the  point of reattachment w a s  slightly insfde the i n l e t  
plane. It seems apparent,  then, t h a t  c a r t  of the boundary layer i s  
being  bypassed i n  e mzmner sTmilar t o  that  previously mentioaed for  
the 30' staggered inlet  of reference 3 for which bypassing of the 
boundary layer  vas most complete a% the lov mess-flov ret ios .  In the 

L 
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present  case of 0' stagger, however, the  mount of boundery layer 
bypassed w a s  not  great enough to  effect   increases  in  average  total-  
pressure  recovery  with  decreases i n  mass-flow ra t io .  

It xill be  noted that  both  the  ir-pact-pressze  contows End the 
o f 1  pattercs show- thet  the flak- was approxirwtely  symnetrical  about 
the i n k  t cer te r  lice. 

:$ken the  l ip  stagger  vas  increased  to l 5 O ,  tihe impact-pressure 
dis t r ibut ions  ( f ig .  8(b)) in5icate  that  more OZ the  bomdesy-lwer cir 
=lied of tine i n l e t  rrieas-nlng s ta t ion  w&s bypassed than  for  the Oo 
stagger  configuration znd that   increases   in  average  total-pressure 
recovery (flg. 7 )  vere  effected a t  the  various test conditions. The 
inp-overnezt was suff ic ient  t o  r e su l t  i n  2 small increase  in  averMe 
total-press-ze  recovery  with %, decrease i n  rrass-flow r a t i o  a t  Mach 
mnbers of 1.0 md 1.2. 

X%en the   i r l e t   l i p   s t agge r  was again  increased,  thLs  tlrce from 
i5O t o  3g0,  fwther  reckctions ir? boundary-layer thic-ness  at the 
i n l e t  measu_rir?g s t a t i o r  were indicated by t'ce impact-pressure-ratio 
contours  (fig.  8(c))  along witn a corresponding  increase i n  average 
total-pressure  recovery  (fig. 7). The boundary layer,  therefore, must 
be more con2letely  bmassed  than it vas for e i ther  "he Oo or 150 
stagger  case. As  w a s  sreviously mentioned, the axhl stetic-pressure 
dis t r ibut ions ahead of t he   i n l e t  neasu-rirg s ta t ion   ( f ig .  5)  indicate 
tha t  t&e distance between +&"e i n l e t  shock and t:?e rearward i n l e t   l i p  
increases 8 s  t h e   l i p  i s  staggered from Oo t o  30°; tne baundary layer, 
therefore, has nor? space  in-rrhich t a  be  bygassed. It would  seem, 
therefore, <=st because of this   increase i n  distance,  the boundary 
layer i s  nore eesi?d  bdpassed ammd the r em-ud  i n l e t  l ip .  

As coctinuity  reqdires,  increrses  in  inLet  total-pressure  recovery 
effected by steggering t"e i n l e t  lips frox Oo to 30° are accompmied 
by ix reases   i n   i c l e<   s t a t i c -p res s r r e   r a t io   ( fo r   cons tv l t  ~ ~ ~ s s - f l o w  
r e t i o )  ( f ig .  5 ) .  p:ese ircreases in inlet stat ic   pressure,  of course, 
infiuence  the  %massing of the  bowdery  layer. 

As previously  pinted ou%, increases   in  average pressme  recovery 
wi%h Cecreases ic mss-Ilm r a t i o  were effected  for   the TO0 staggered 
i n l e t  a t  a Yach  number of 1.h a t  xms-ftaw ratios  greater than 0.63. 
\*-en %he nass-flov  ratio was reduced below t h i s  vazJe, however, there 
V E S  z r edx t ion   i n   p re s sa re  recove-ry. For these  lovest mass-flow 
conditions,  the  bomdary-layer losses become so great thzt the   i n l e t  
cezmot bypass encugh of the low-energy air to   .mintah  the  t rend 
Eezs-ued a t  slightly higher mass-flov ra-llos. 
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It is  indicated  in  f igure  8(c)  that   there is, in  general ,  a tend- 
ency for  the  impact-press-ne  ratios to be somewhat higher  adjacent t o  
the rewmrd l i p  then they  are in   the  regions of tne  forwerd  lip. This 
tendency is a t t r ibu ted   to   the   fac t  tht a greater prt of the boundery- 
layer air i s  bypassed  from the  region of the rearwzrd l ip;   the  boundary- 
kyer   losses ,   therefore ,  me greatest next to   the  forward l i p ,  espe- 
c i e l ly  a t  a Mach n-m'oer of 1.4. The closeup  photograp3s of the oil flow 
pat terzs   ( for  example, see  f ig.   9(b)) show thet   these  losses  can  be 
at t r ibi i ted  to  a rzpid growth  of the sepzrated boundary leyer along -he 
inner  s-=face of the  forward  lip. In fact ,   the  oil patterns  indicate 
teat the  separated  region at the  inner  surface  exceeds one-halr" of the 
inlet  height.  This  boundcry-layer  grovth must be associeted  vith  the 
continaation of the  longitudinal  adverse  pressure  grdient back t o  the 
posit ion of the r e m m d  Up.  (See  fig. 5.) Observztion of figure 8(b) 
indicates   that  i n  sone instances   differences  s ini ler   to   those  just  
discassed were effected for the 15' stagger  inlet .  These differences, 
hm-ever, vere small. 

Kcen the  li? stagge- %res illcreased from 30 t o  1?5O and then t o  60°, 0 

these  total-pressLre  losses i n  the  region of the  forward l i p  were 
progressively  increased. For these  higher  stagger  angles,  the growth 
of t:?e sepzrEted bmmdary layer  with  decreasing mass-flow r a t i o  e l i m -  
inated the trend of increasing  recovery  with  decreasing mess-flow 
r a t io ,  even  though Yne o i l  Tlow pEtterns  (fig. 9 )  indicate   that  a large 
pa r t  os" tine fusekge  boundary k y e r  was being  bypassed around the reer- 
w a r d  l i p .  It cm be  seea in   f i gu re  7 +&et the  average  total-pressure 
recovery ol" the 60' stagger   inlet  w a s  less than  that  of eny other 
configuration at szpersonic  speeds. 

The e f fec ts  of l i p  stEgger on tie average  total-pressure  recovery 
are  s-mmrized  in  f igure 10 where pressure  recovery is plot ted as a 
?unction of the  Up  s tagger  I"or several  mass-flow rz t ios  at Mach numbers 
of 1.0, 1.2, uld 1.4. Here it i s  again  seen  that, at = Mach nmber of 
1.0, total-cresswe  recoveries  equzl  to  or greater than- 0.9m vere 
neasured th?ough the  range of' mass-flow r z t i o  for all configurations, 
and the  variations  in  pressure  recovery  with flutr rate were srall. A% 
Vach llumbers of 1.2 and 1.4, the ef fec ts  of U p  stagger are more 
impor ta t .  For example, increaslng  the l i p  stagger from Oo t o  30° at 
a Mach nunber of 1.2 cmsed  an  increase in  cressure  recovery from about 
0 . 9 6 ~ ~  t o  0.99% e,t E mass-flo%r r a t i o  of 0.5. The recovery is reducedo 
t o  abo~ t  O.glEo, hovever, when the  stagger is  increased from 30' t o  60 
at these same operating  conditions.  Verietiom i n   l i p   s t a g g e r  were 
less irSPzentia1 et a m-ss-flow r a t i o  of 0.8. 'When the test Mach nunber 
was imreased   to  1.4, stagger became s l igh t ly  more i rS luent ia l  at the 
low flow rates.  For t h i s  case,  increasing l ip   s tagger  from 00 t o  300 
corresponds t o  an increase in recovery from about 0.8911, t o  0.92- et 
a mass-flugi r a t i o  of 0.6, while  for 60° the  recovery was  reduced t o  
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about 0.82H0. In  view of the  fact   that   the   inlets  did not have a 
boundary-layer  control  device, f t  i s  of particular  interest   to  note 
Llat  the 30° stagger  conflguration produced  near-normal  shock  recovery 
(0.958% a% M, = 1.4) at a mass-flow r a t i o  of 0.6. This re su l t  is of 
special  interest  sir-ce,  as  prcviodsly  sointed  oxt,  local Yach  r?umbers 
greater Ynm stream v z h e s  -were indicated ahead of the  inlet, shock wave 
f o r  a l l  t e s t  cor-ditions. 

Flow Dis tor t ions   a t   In le t  

A t  the MEch n-nbers ??'here l ip   s tagger  bad the  largest   effect  on 
total-pressure  recovery,  increases in l ip   s tagger   f ron OO t o  30° either 
had a slight favorEble  effect (tub = 1.2) or had no ef fec t  (M, = 1.4) 
OE the flov d is tor t ions   a t  the i n l e t  measuring s ta t ion.  V3en t h e   l i g  
stagger was increased  frox 30° t o  4 9  and then t o  60°, however, Edverse 
e f fec ts  of stagger were indicated at a l l  test  conditions. It can be 
seen i n   f i g u r e   1 1 t h a i  Lkhe minimum dis tor t ion was xsually  effected a t  
the lov mass-flow ra t io s  which, in  the  case of the 30° stagger  inlet ,  
i s  i n  t'!e rmge of minun recovery. The reasons  for  this  trend are 
sh0r.m i n   f i gu re  8. Here it is seen thet there i s  generally a simultaneous 
decreese io the m x i m . ; m  l oca l  recovery and zn increase  in  minimum local 
recovery with decreases i n  mass-flaw retio. 

A secozdary f lov is indicated by t h e   o i l  flow patterns  (figs.  ?(b) 
and g ( c ) )  vhich, as 2reviousl.y  pointed  out, hes adverse  effects on the 
totel-pressure  recovery a t  the   i n l e t  end also has adverse  effects on the 
i n l e t  flow distortions.  It i s  believed that sone  type of boundary-leyer 
control, such as a s inple   s lo t  a t  the  lip-fuselage  juncture,  could  alle- 
viete   the secondary  flow and thus improve the   i n l e t  flow distortions.  

Inlet-Design  Considerations 

The results of this study  indicate  that, from the   s t adpo in t  of both 
pressure  recovery and i n l e t  flow distortions,  EL scoop-type i n l e t  s i m i l a r  
to   tnat   invest igated should  incorporate  approximetely TO0 of l ip   s tagger  
and should be designed for  operation ne- a mass-flaw r a t i o  of 0.63 
a t  1% = 1.4. Vhen it is realized, however, t ha t  t l e  ove ra l l   i n l e t  
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performnce  depnds upon the  external drag as well  as t i e  pressure  recovery 
m-d flow distortions,  the optin7m  design mess-flow r e t i o  i s  not so obvious. 
lhes~uc'r? es the maximum total-pressure  recovery  for  the TO0 stagger   inlet  
was reaswed a t  mi/% = 0.63 (bb = 1.4) a d  imsnuch as the ainimun drag 
would be  obtained et a mss-flow' rat io   nemer  uni ty ,   the  m a x i m u m  thrus t  
minus drzg would probably occu-r at some intermedZete i n l e t  flow rate. The 
o p t i n u ~  design  point,  therefore, would naturally depend upon the spi l lage 
dreg character is t ics  of the   pes t icdar   ins ta l lEt ion ,   tha t  is, the slope 
of the  drag  curve  with  respect  to mss-I"lov ra t io .  i?~ order t o  reelize 
t i e  n e x i m m  possible  dvantege of the increase in   i n l e t   t o t e l -p re s su re  
recovery  with  decreesing mass flow  exhibited by the 30° stagger ir-let, 
the com"iguration must be  desigzed so Cha t  the  increase of drag  with a 
decrease i n  mass-flow r a t i o  i s  re le t ive ly  low. 

CONCLLTSIOHS 

An investigation  has been made in the iangley  transonic  blawdom 
twnel t o  stcdy  the  efTects or' varist ions in i n l e t  U p  stagger from 
Oo to 60' on the  internal-flcw  chaxacteristics  of p-n wswept semiellig- 
t icel  scoop-tEe  inlet  model. Tests were made a t  Mach numbers  of 1.0, 
1.2, an6 1.4 through a mss-f low  ra t io   rmge frm about 0.3 t o  0.9 at 
EJI mgle  of a t tack of 0'. me more imgortent  results are smmwrized as 
f ollovs : 

1. For a l l  mgles  of i n l e t  lip stegger,  part of the boundary layer 
was bypassed  around the   i n l e t   l i p s .  As t he   i n l e t  l i p  stagger was 
increzsed,  the boundmy k y e r  was  more completely  bypassed from the 
regiors of the reaswesd l i p  than from the  forward  lip. 

2. Tr-e mvci~~lum recovery was oktzined  with  the 30 s t sgger   in le t  0 

(average  total-pressure  recovery of 0.95 et a mass-flow r a t i o  of 
approximztely 0.6). For this  codiguration,  the  bypassing  effected 
increases ir- pressure  recovery  with  decreases i n   i n l e t  f l o w  rate a t  
Y~ch  numbers of 1.2 and 1.4. 

3. -Ahen the  l ip   s tagger  vas fncreesed  to 45O and then t o  60°, the 
L t,otal-pressure  losses  in  the  region of t i e  forward l i g  were grogressively 
increesed. The average  total-pressure  recovery of these two cor?s"igura- 
t ions vas less tha t  of t h e  30° stagger   inlet  because of the entrance 
of the boundary layer. 

4. At the Mach n-mbers where l i p  stagger had the  lmges t e f f e c t  
on total-pressure  recovery,  increases  in u p  stagger  fro= OO to 30° 
e i ther  had a slight favorzb le   e f f ec t   ( e t   hch  number or" 1.2) or had no 
ef fec t  (at Mach  number of 1.4) on Yi?-e flow  distortions et t h e   i n l e t  
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neasuring  station.  Tien  the  lip  stagger was increased from 30' t o  45O 
md  then  to  60°, hovever,  adverse e f fec ts  of stagger were indicated 
a t  zll test  conditions. 
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TABLE I.-DESIGN COORDINATES FOR NOSE AND INLET SECTIONS 

1-3 

Sta. 0 Sfa. 4.667 Lip length = 
p-2 x thickness 

""""" 

Coordinates for i 1 Coordinates for1 





s t  0 Sta 

Rearward 

Section A-A 

.d Lip 

0 rot+ 
4 Wall statics 
@Statics 

Section B-I3 

6 7  Sta. 8.00 Sta 14.62 Sta. 18 50  
I F l n l e t  meas sta. L r v e n t u r l   m e a s .  sta. I 

I 1  """"" - _""""" _ _ _  -."----" "t- 1 I """"""."" -" I , "I """""" --------~"---------- 

! I I 

Figure 2.- View o:r model showing i n t c r a l  ducting and total-preosure 
measuring stations. (Ul dimensions are in inches. ) 
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INLET CENTERLINE 
STATION 5.85- 

5.74- 
5 .65 ,  Oo STAGGERED INLET 

II II 

II I1 

? 

/ INLET CENTERLINE STATION 

5.88 { 5.62 
5.e7"I 

4 5 O  STAGGERED INLET 

1 

11 H 

I 
" " _" " . - ""- 

F i g x e  3 . -  Sketch or" l ip-stagger  configtations showing fuselage-center- 
line station of plane of i n l e t   l i p s .  
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F i g w e  5.- Surface  static-pressure distributions alor,g nose and extending 
fron the Inlet   p lane to t3e ixlet  xeasu-ring station. 
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Fuselage station, in. 

(3) Pa = 1.11. 

Figme 5. - Concluded. 



2c NACA R% ~ 5 6 ~ 2 2  

" 0.90 
m O  



21 

1.0 

- 9  

.8 

1.0 

.? 

7. k1gw-e 7.- Effect of vzriations i n  mss-flax ratio; Mach number, and lip 
stagger cn totai-pressure recovery a t  i n l e t  meas-ufng station. 
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Figure 8. - Co-- .-Lours sn inpact-gressu-e ratio a t  in 
at C@ angle 01' ettack. - 
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w, = 3.91 

Y, = 1.01 
mi - = CI .75 
" 0  

ri - = u.79 
m0 

/-Forw~rd. l i p  

X, = 1.18 
.n i 

m0 

- 
- 0.47 " 

- = 0.50 
10 a . 0.w 

Y Y - O O E  

Y o  = 1.20 H, = 1.41 
"i - = 0 .€a 
m 0  

mi - = 0.67 
m0 

Yo = 1.18 

- 3 . I  
MY. - 0.a 

= 1.iS = 1.41 

(b) l 5 O  inlet lip stagger. 

Figare 8. - Continued. 
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00 stagger 

30' stzgger 450 stagger 

600 stagger 

L-9244LF 
(a 1 Effect of stagger on o i l  f l o u  pattenls. 

Figure 9.- Oil-flow-study photographs indicating direction of boundary- 
layer f~ov. % = 1.4; mi/% = 0.68. 
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Figure 9. - Concluded. 
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tlgure 10.- Comparison of variation of total-pressure recovery w i t h  lip 
stagger fcr several pass-flow ratios a2d k c h  rxmbers. 
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-. k l g r e  11. - Effect of -P=riatiol?s wFth 1ii2ss-flow ratio, Mach Ember, and 
lip stagger OE tlr-p, f l o w  distortion at the in le t  measuring s-iation. 
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